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Report:

        We have continued experiments, begun at the Daresbury SRS,  to measure reflection
anomalous fine structure (RAFS) and thereby study changes in the layer density and local
environment on annealing sputtered permalloy/copper multilayers. The technique is based
on diffraction anomalous fine structure spectroscopy (DAFS) which involves the analysis of
the variation in the intensity of high angle Bragg peaks from crystalline materials as the x-
ray energy is tuned through the absorption edges of the constituent atoms in the material. It
is essentially the scattering equivalent of the commonly used XAFS spectroscopy. By fitting
the smoothly varying component of the plot of specular Bragg peak intensity versus incident
x-ray energy, we have determined that the density difference between copper and permalloy
layers increases on annealing [1,2]. From the oscillatory component we have shown that it is
the nearest neighbour distance around the Ni atoms which decreases and this happens in
both doped and undoped materials. Detailed analysis of the smooth component of the RAFS
spectra indicates that at high annealing temperature the Co at one interface only diffuses in
the NiFe.

The principal objective of the present proposal was to perform RAFS spectroscopy on
the diffuse scatter from the first order Bragg peak. This scatter originates from conformal
roughness at the multilayer interfaces. Extremely high quality specular data were obtained
[2]  at the XMaS beamline (Fig 1), significantly improved on those from the SRS The
oscillations in the diffuse scatter had excellent signal to noise (Fig 2). However,  the
oscillations were identical in amplitude and phase in both specular and diffuse channels.
(Fig. 3). Subsequent analysis has revealed that although the diffuse scatter arises from the
interface roughness and goes to zero when roughness is absent, the absorption process
responsible for the oscillations takes place in the body of the layer, not at the interfaces.



Fig 1                                                                Fig 2

Fig 3

                     Above the Ni edge                                           Above the Cu edge

        Oscillations arise from the interference of the back-scattered photoelectrons produced
during the absorption process and, irrespective of whether detection takes place in the
specular or diffuse scatter channel, the local order information derived relates to the body of
the layer, not the interface region.
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